Introduction
============

Immunotherapy is an emerging strategy for the treatment of patients with diverse ranges of malignancy. As the concept of cancer immunity is investigated, host immune systems that interact with tumor cells and the microenvironment have been targeted for oncology drug development \[[@b1-crt-2018-311]-[@b3-crt-2018-311]\]. In biliary tract cancer (BTC), the development of new drugs, including immunological agents, is urgently needed because BTC patients have poor prognosis with no effective treatment except a limited number cytotoxic agents.

Programmed death 1 (PD-1) is a key checkpoint and is expressed in activated T cells. Its ligand, programmed deathligand 1 (PD-L1), is induced by active T cells to evade host immune systems. It has been suggested to play a pivotal role in cancer development. PD-1 or PD-L1 protein expression levels in tumor infiltrating lymphocytes and tumor cells serve as candidate biomarkers to predict the prognosis of cancer patients \[[@b4-crt-2018-311]-[@b8-crt-2018-311]\]. Immune cell infiltration into the microenvironment of BTCs is also a prognostic factor \[[@b9-crt-2018-311]-[@b11-crt-2018-311]\]. The upregulation of PD-L1 and PD-1 in tumor tissues is also reported in BTC \[[@b12-crt-2018-311]\]. Although many new drugs targeting PD-L1 and PD-1 have been developed, the biomarkers that could predict the efficacy are unknown. The expression of PD-L1 in tumor tissues is one of the candidate biomarkers for the use of anti‒PD-L1 or PD-1 antibodies. However, biopsy of tumor tissue is often risky and it is difficult to obtain sufficient amounts of tissue for biomarker analysis. The immune response is not fixed one; it changes across time sequence or is influenced by the ongoing treatment. It is therefore necessary to repeatedly perform biopsies, which is difficult in the real field of clinical practice. In this regard, studies of soluble biomarkers or liquid biopsies are being highlighted. The soluble programmed death-ligand 1 (sPDL1) has immunosuppressive activity and is under investigation as a candidate biomarker for immuno-oncology drug development. In our previous study, we showed that sPDL1 could be used as a biomarker with prognostic value in cancer patients \[[@b13-crt-2018-311]\].

The purpose of this study was to investigate the changes of sPDL1 levels during chemotherapy and to analyze the relationship of the sPDL1 changes with clinical outcomes. In this study, we measured the serum sPDL1 at pre- and postchemotherapy and at disease progression and evaluated its dynamics and prognostic implications in BTC patients.

Materials and Methods
=====================

1. Patients and data collection
-------------------------------

Patients with pathologically confirmed recurrent or initially unresectable BTC, who were scheduled to receive palliative chemotherapy were enrolled. Intrahepatic cholangiocarcinoma (IHCC), extrahepatic cholangiocarcinoma (EHCC), gallbladder cancer (GB ca), and ampulla of Vater cancer (AoV ca) were all included.

Ninety patients were recruited at the Seoul National University Hospital. The training cohort included patients treated with S-1/cisplatin chemotherapy under a phase II clinical trial enrolled between March 2001 and November 2008. The validation cohort included patients treated with gemcitabine/cisplatin chemotherapy enrolled between October 2008 and February 2016. The training and validation cohorts consisted of 53 and 37 patients, respectively. The blood samples were collected before chemotherapy (prechemotherapy) and at the time of best response (post-chemotherapy) and disease progression.

Demographic and laboratory data, including total bilirubin, albumin, carcinoembryonic antigen (CEA), carrbohydrate antigen 19-9, and blood cell counts before initiation of chemotherapy, were collected. Neutrophil-to-lymphocyte ratio (NLR, neutrophil/lymphocyte), platelet-to-lymphocyte ratio (PLR, platelet/lymphocyte) and systemic inflammatory index (SII, neutrophil×platelet/lymphocyte) were calculated. The sPDL1 level was measured using an enzyme-linked immunosorbent assay (ELISA) (PDCD1LG1 ELISA kit, USCN Life Science, Shandong Sheng, TX) in patients' blood samples according to the manufacturer\'s instructions \[[@b13-crt-2018-311],[@b14-crt-2018-311]\]. ELISA is the method to identify peptides, proteins, antibodies and hormones. It is accomplished by assessing the conjugated enzyme activity via incubation with a substrate to detect a measureable sPDL1. We use patient's plasma that was collected from patient's blood by Ficoll-Paque PLUS (GE Healthcare Life Sciences, Uppsala, Sweden). It was kept at --80℃ and incubated 1 hour at 37℃ at ELISA kit well. It was aspirated and washed 3 to 5 times and incubated again. After that procedure, it read at 450 nm immediately. Each sample was analyzed in duplicate.

The response to chemotherapy was determined according to Response Evaluation Criteria in Solid Tumor (RECIST) ver. 1.1. Overall survival (OS) was calculated from the date of diagnosis for BTC to the date of death or last follow-up date. Progression-free survival (PFS) was calculated from the date of diagnosis to the date of disease progression.

2. Statistical analysis
-----------------------

Pearson's chi-square test or Fisher exact test was used for categorical variables, as appropriate. A t test was used for comparison of means. To compare the median values of biomarkers, the Mann-Whitney test was used. Median OS or median PFS was calculated using the Kaplan-Meier method and comparisons of differences between groups were assessed using log-rank tests. Univariate and multivariate analyses for OS were performed using Cox regression models. Factors with p \< 0.05 in univariate analysis were collected and analyzed in multivariate regression models. All statistical tests were two-sided, with significance defined as p \< 0.05. Cut-off values of each variable (sPDL1, NLR, PLR, and SII) for OS predictions were determined by using a minimum p-value approach \[[@b15-crt-2018-311]\].

3. Ethical statement
--------------------

The study protocol was reviewed and approved by the Institutional Review Board of Seoul National University Hospital (H-1408-039-600). Patients gave informed consent for collecting blood samples to analyze biomarkers. All studies were conducted according to guidelines for biomedical research (Declaration of Helsinki).

Results
=======

1. Patient characteristics
--------------------------

The median age of the entire cohort was 66-years-old (range, 56.0 to 72.0 years) and the primary sites of cancer were: GB ca, 33 cases (36.7%); IHCC, 30 cases (33.3%); EHCC, 24 cases (26.7%); and AoV ca, three cases (3.3%). The median OS was 11.5 months (95% CI, 9.7 to 16.2). Baseline demographic and clinical characteristics were similar between the training and validation cohorts ([Table 1](#t1-crt-2018-311){ref-type="table"}). Median values of NLR, PLR, and SII showed no significant differences between the training and validation cohorts. Patients in the training cohort received S-1/cisplatin as the first-line chemotherapy under clinical trial and patients in the validation cohort received gemcitabine/cisplatin combination chemotherapy.

2. Prognostic value of sPDL1
----------------------------

The median baseline (at pre-chemotherapy) sPDL1 was 0.97 ng/mL (range, 0.56 to 1.85 ng/mL) and mean was 1.28(standard deviation, 0.93) ([Table 2](#t2-crt-2018-311){ref-type="table"}). The cut-off value of sPDL1 for prediction of OS was 1.30 ng/mL in the training, validation, and entire cohorts ([Table 3](#t3-crt-2018-311){ref-type="table"}). The patients with lower baseline sPDL1 showed a better OS ([Fig. 1](#f1-crt-2018-311){ref-type="fig"}).

When compared with traditional cancer markers and PDL1, high CEA was observed in high sPDL1 ([Table 4](#t4-crt-2018-311){ref-type="table"}). It showed statistically significant difference (p=0.029).

In univariate analysis for prognostic factors, disease extent (initially unresectable vs. recurrent), number of metastasized organs, NLR, and sPDL1 were significant prognostic factors for OS. In multivariate analysis, sPDL1 and NLR were significant for OS ([Table 5](#t5-crt-2018-311){ref-type="table"}).

3. Dynamics of soluble PD-L1
----------------------------

The best response was complete response in seven patients, partial response (PR) in 20 patients, stable disease (SD) in 52 patients, and disease progression in 11 patients. At the time of disease progression, sPDL1 was elevated compared with the pre-chemotherapy cases. There was a trend of sPDL1 to decrease when the tumor burden decrease and a trend to increase when the tumor burden increase in each response groups.

In the PR group, sPDL1 levels at pre-chemotherapy and post-chemotherapy were 1.19 ng/mL and 0.98 ng/mL, respectively. Three samples were collected at disease progression after PR, and the median sPDL1 was 2.77 ng/mL, which was higher than that of the pre-chemotherapy or post-chemotherapy. Similarly, in the SD group, the median sPDL1 at disease progression (1.83 ng/mL) was higher than that of the prechemotherapy (1.16 ng/mL) and post-chemotherapy (1.19 ng/mL). In the disease progression group, sPDL1 levels at prechemotherapy and disease progression were 0.62 ng/mL and 1.04 ng/mL, respectively ([Table 3](#t3-crt-2018-311){ref-type="table"}, [Fig. 2](#f2-crt-2018-311){ref-type="fig"}).

Discussion
==========

In this study, baseline sPDL1 levels (at pre-chemotherapy) predicted the survival of BTC patients treated with palliative chemotherapy, which was comparable to our previous study \[[@b13-crt-2018-311]\]. High level of sPDL1 had a correlation with worse survival and was shown to be a significant prognostic factor in univariate and multivariate analyses. In terms of dynamic changes of sPDL1 levels during chemotherapy, the levels were elevated at the time of disease progression compared to that of the pre-chemotherapy.

Tumor cells evade the host immune system by expressing PD-L1, which binds to PD-1 on the surface of activated T or B cells. PD-1/PD-L1 binding causes inhibitory signaling in T and B cells, causing suppression of T-cell migration, proliferation, and secretion of cytotoxic mediators \[[@b1-crt-2018-311],[@b16-crt-2018-311]-[@b18-crt-2018-311]\]. Higher PD-L1 levels in tumor tissues were reported to have a strong correlation with adverse clinical outcomes \[[@b19-crt-2018-311]\]. Elevated serum sPDL1 is also related with less differentiated tumors, higher invasiveness, and greater metastatic potential in several solid tumors \[[@b20-crt-2018-311],[@b21-crt-2018-311]\]. We previously reported that high sPDL1 was related with worse survival in BTC patients who received palliative chemotherapy. In this study, high level of sPDL1 is reproducibly correlated with worse survival of BTC patients.

Another important purpose of this study was to uncover the dynamics of sPDL1 during chemotherapy and to determine whether there was a correlation of dynamics of sPDL1 with tumor response or tumor burden. We measured sPDL1 at the time of best response and at the time of disease progression besides pre-chemotherapy. There was a trend of sPDL1 to decrease when the tumor burden decrease and a trend to increase when the tumor burden increase in each response groups. At the time of disease progression, sPDL1 was consistently elevated compared with that of pre-chemotherapy.

There have been few studies regarding the dynamics of expression of PD-L1 in tumor tissues. In subgroup analyses of clinical trials using anti--PD-L1 antibody, the level of tumor tissue PD-L1 protein had a predictive value for the response to the PD-L1 inhibitor in several types of cancer \[[@b22-crt-2018-311]\]. Another study showed that PD-L1 expression in tumor cells increased in non-small cell lung cancer patients treated with gefitinib \[[@b23-crt-2018-311]\]. In esophageal cancer patients, the PD-L1 level of tumor cells also increased after neoadjuvant concurrent chemoradiotherapy \[[@b24-crt-2018-311]\]. However, thus far, changes of sPDL1 after treatment have not been reported. Our study is the first report on the dynamics of sPDL1 during chemotherapy.

Our study had limitations. It was a single center study, and a relatively small number of patients. However, this study has value as the first study to uncover the dynamics of sPDL1 in cancer patients treated with palliative chemotherapy. The sPDL1 level was increased noticeably at disease progression. Our finding supports further studies to determine whether sPDL1 could serve as biomarker for immunotherapy. Further study on correlation between sPDL1 and PDL1 expression in tumor tissue is also worthy and needed.

In conclusion, the sPDL1 level at pre-chemotherapy had prognostic value for OS in BTC patients under palliative chemotherapy. The dynamics of sPDL1 during chemotherapy correlated with disease burden and had prognostic value.
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###### 

Baseline characteristics

                                Training cohort          Median OS (95% CI)    Validation cohort   Median OS (95% CI)    Training cohort vs. validation cohort p-value   Entire cohort      Median OS (95% CI)                       
  ----------------------------- ------------------------ --------------------- ------------------- --------------------- ----------------------------------------------- ------------------ --------------------- ------------------ ------------------
  **Overall survival**          53                       12.3 (9.7-18.1)       37                  10.2 (8.2-17.6)       0.096                                           90                 11.5 (9.7-16.2)                          
  **Age, median (range, yr)**   66.0 (58.0-72.0)                               63.0 (55.0-71.0)                          0.250                                           66.0 (56.0-72.0)                                            
  **Sex**                                                                                                                                                                                                                            
                                Male                     35 (66.0)             12.3 (9.7-18.2)     26 (70.3)             10.0 (6.9-21.2)                                 0.847              61 (67.8)             11.5 (9.2-16.8)    
                                Female                   18 (34.0)             14.6 (8.6-40.2)     11 (29.7)             10.7 (7.5-NA)                                                      29 (32.2)             11.6 (8.9-20.8)    
  **Diagnosis**                                                                                                                                                                                                                      
                                IHCC                     21 (39.6)             11.2 (7.3-26.7)     9 (24.3)              11.6 (8.9-NA)                                   0.205              30 (33.3)             11.4 (8.9-19.5)    
                                EHCC                     10 (18.9)             13.7 (8.5-NA)       14 (37.8)             9.7 (6.6-NA)                                                       24 (26.7)             10.3 (8.5-37.5)    
                                AoV ca                   2 (3.8)               15.9 (12.3-NA)      1 (2.7)               8.23 (NA-NA)                                                       3 (3.3)               12.3 (8.2-NA)      
                                GB ca                    20 (37.7)             12.6 (9.7-20.8)     13 (35.1)             12.0 (6.4-NA)                                                      33 (36.7)             12.0 (9.7-18.1)    
  **Disease extent**                                                                                                                                                                                                                 
                                Recurrent                33 (62.3)             11.8 (9.0-18.2)     21 (56.8)             9.1 (6.6-21.2)                                  0.760              54 (60.0)             10.6 (8.9-16.2)    
                                Initially unresectable   20 (37.7)             16.7 (9.7-75.9)     16 (43.2)             10.5 (8.2-NA)                                                      36 (40.0)             12.1 (9.7-19.6)    
  **Total bilirubin**                                                                                                                                                                                                                
                                Normal                   39 (75.0)             12.5 (9.0-28.5)     32 (86.5)             10.7 (8.9-19.5)                                 0.288              71 (85.6)             11.5 (9.2-16.8)    
                                Elevated                 13 (25.0)             12.3 (9.7-NA)       5 (13.5)              6.4 (5.8-NA)                                                       18 (20.2)             10.6 (8.6-18.1)    
  **Albumin**                                                                                                                                                                                                                        
                                Decreased                7 (13.2)              9.7 (3.6-NA)        6 (16.2)              16.1 (5.7-NA)                                   0.924              13 (14.4)             9.7 (5.7-NA)       
                                Normal                   46 (86.8)             14.6 (10.6-19.6)    31 (83.8)             10.2 (8.2-17.6)                                                    77 (85.6)             11.6 (9.7-16.8)    
  **CEA**                                                                                                                                                                                                                            
                                Normal                   39 (73.6)             13.0 (10.6-28.5)    22 (61.1)             10.7 (8.9-NA)                                   0.312              61 (68.5)             12.5 (10.4-19.5)   
                                Elevated                 14 (26.4)             10.7 (8.5-18.5)     14 (38.9)             9.1 (7.5-NA)                                                       28 (31.5)             9.2 (8.2-16.2)     
  **CA-19-9**                                                                                                                                                                                                                        
                                Normal                   18 (34.0)             13.0 (9.0-40.2)     11 (30.6)             18.4 (7.8-NA)                                   0.915              29 (32.6)             13.0 (9.0-29.2)    
                                Elevated                 35 (66.0)             11.5 (9.3-18.2)     25 (69.4)             9.0 (6.4-NA)                                                       60 (67.4)             10.4 (9.2-16.2)    
  **NLR**                                                                                                                                                                                                                            
                                Median (range)           2.4 (1.6-3.4)                             2.6 (2.1-3.8)                                                         0.233              2.5 (1.8-3.7)                            
                                Cut-off                  3.0                                       3.0                                                                                      3.0                                      
                                                         \< cut-off            36                  16.5 (11.2-29.2)      23                                              10.7 (8.2-25.9)                          59                 14.9 (10.6-20.8)
                                                         ≥ cut-off             17                  9.0 (7.3-13.0)        14                                              8.9 (6.4-NA)                             31                 9.0 (7.3-12.5)
  **PLR**                                                                                                                                                                                                                            
                                Median (range)           136.2 (101.7-186.9)                       134.7 (96.0-202.6)                                                    0.860              135.4 (96.0-190.5)                       
                                Cut-off                  86.4                                      86.4                                                                                     86.4                                     
                                                         \< cut-off            9                   29.2 (18.1-NA)        7                                               10.7 (9.2-NA)                            16                 24.9 (10.7-51.2)
                                                         ≥ cut-off             44                  11.6 (9.0-16.5)       30                                              9.1 (7.5-17.6)                           74                 10.4 (9.0-13.0)
  **SII**                                                                                                                                                                                                                            
                                Median (range)           520.7 (362.0-776.7)                       520.2 (366.6-924.9)                                                   0.905              520.2 (362.0-790.8)                      
                                Cut-off                  686.0                                     686.0                                                                                    686.0                                    
                                                         \< cut-off            35                  16.5 (10.6-29.2)      27                                              10.4 (8.2-21.2)                          62                 16.2 (10.7-19.6)
                                                         ≥ cut-off             18                  10.8 (8.3-18.2)       10                                              8.9 (5.7-NA)                             28                 9.2 (8.1-11.6)

OS, overall survival; CI, confidence interval; IHCC, intrahepatic cholangiocarcinoma; EHCC, extrahepatic cholangiocarcinoma; NA, not achieved; AoV ca, ampulla of Vater cancer; GB ca, gallbladder cancer; CEA, carcinoembryonic antigen; CA-19-9, carbohydrate antigen 19-9; NLR, neutrophil-to-lymphocyte ratio; PLR, plateletto-lymphocyte ratio; SII, systemic immune-inflammation index.

###### 

Baseline sPDL1

                                       sPDL1 (ng/mL)                                 
  ------------------------------------ ------------------ ------------------ ------- ------------------
  **Median (range)**                   1.01 (0.56-2.07)   0.92 (0.56-1.48)   0.463   0.97 (0.56-1.85)
  **Mean±SD**                          1.39±1.03          1.15±0.75          0.240   1.28±0.93
  **Cut-off**                          1.30               1.30                       1.30
   \< cut-off                          30                 26                         56
    Median OS (95% CI)                 16.7 (12.5-37.5)   12.0 (9.2-21.2)            16.2 (10.7-19.6)
   ≥ cut-off                           23                 11                         34
    Median OS (95% CI)                 10.6 (9.0-16.5)    6.9 (5.8-NA)               9.2 (8.1-11.6)
  **Disease extent, median (range)**                                                 
   Recurrent                           1.44 (0.76-2.24)   1.16 (0.72-1.85)   0.399   1.35 (0.72-2.16)
   Initially unresectable              0.73 (0.41-1.07)   0.71 (0.54-1.11)           0.71 (0.47-1.11)
  **Diagnosis, median (range)**                                                      
   IHCC                                1.34 (0.56-2.59)   1.10 (0.82-1.59)   0.483   1.20 (0.56-1.85)
   EHCC                                0.77 (0.48-1.03)   0.89 (0.55-1.21)           0.89 (0.51-1.16)
   AoV ca                              1.68 (0.94-2.41)   0.71 (0.71-0.71)           0.94 (0.82-1.68)
   GB ca                               1.23 (0.54-2.12)   1.10 (0.56-1.99)           1.11 (0.56-2.07)

sPDL1, soluble form programmed death-ligand 1; SD, standard deviation; OS, overall survival; CI, confidence interval; IHCC, intrahepatic cholangiocarcinoma; EHCC, extrahepatic cholangiocarcinoma; AoV ca, ampulla of vater cancer; GB ca, gallbladder cancer.

###### 

Dynamics of sPDL1

  Best response              CR (n=7)           PR (n=20)          SD (n=52)          PD (n=11)          Total (n=90)
  -------------------------- ------------------ ------------------ ------------------ ------------------ ------------------
  **Pre-chemo sPDL1**                                                                                    
   Median (range)            0.88 (0.49-0.92)   1.19 (0.53-1.97)   1.16 (0.62-2.20)   0.62 (0.35-0.86)   0.97 (0.56-1.85)
   Mean±standard deviation   0.73±0.27          1.42±0.99          1.44±0.97          0.67±0.37          1.28±0.93
  **Post-chemo sPDL1**                                                                                   
   Median (range)            1.02 (0.56-1.28)   0.98 (0.69-1.54)   1.19 (0.66-1.98)   1.04 (0.76-2.86)   1.07 (0.66-1.83)
   Mean±standard deviation   1.01±0.51          1.18±0.72          1.38±0.87          1.62±1.26          1.34±0.88
  **At PD**                  n=0                n=3                n=15               n=11               n=29
   Median (range)                               2.77 (1.85-2.92)   1.83 (0.99-2.41)   1.04 (0.76-2.86)   1.59 (0.94-2.60)
   Mean±standard deviation                      2.26±1.15          1.74±0.94          1.62±1.26          1.75±1.07

sPDL1, soluble form PD-L1; CR, complete remission; PR, partial response; SD, stable disease; PD, progression disease.

###### 

Traditional tumor marker (CEA) and sPDL1

                               sPDL1 (cut-off value 1.3)   Total   p-value   
  ---------------------------- --------------------------- ------- --------- -------
  **CEA (normal 0-5 ng/mL)**                                                 
   \< 10                       47                          21      68        0.029
   ≥ 10                        9                           12      21        
  **Total**                    56                          33      89        

CEA, carcinoembryonic antigen; sPDL1, soluble form programmed death-ligand 1.

###### 

Prognostic factors for overall survival

                             Univariate analysis   Multivariate analysis                       
  -------------------------- --------------------- ----------------------- ------------------- -------
  Age                        0.979 (0.63-1.52)     0.925                   \-                  \-
  Diagnosis                  0.976 (0.77-1.23)     0.839                   \-                  \-
  Disease extent             0.567 (0.35-0.92)     0.022                   0.874 (0.50-1.52)   0.636
  No. of metastasis organs   1.842 (1.06-3.21)     0.031                   1.351 (0.75-2.45)   0.320
  Total bilirubin            1.275 (0.74-2.20)     0.380                   \-                  \-
  Albumin                    0.553 (0.29-1.06)     0.074                   \-                  \-
  CEA                        1.491 (0.91-2.43)     0.110                   \-                  \-
  CA 19-9                    1.389 (0.86-2.24)     0.177                   \-                  \-
  sPDL1                      2.230 (1.39-3.55)     \< 0.001                1.959 (1.17-3.29)   0.011
  NLR                        2.113 (1.31-3.41)     0.002                   1.823 (1.10-3.02)   0.020
  PLR                        1.596 (0.90-2.82)     0.108                   \-                  \-
  SII                        1.432 (0.89-2.31)     0.141                   \-                  \-

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; sPDL1, soluble form of PD-L1; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

[^1]: This study was partly presented at the 2017 Annual Meeting of ASCO (American Society of Clinical Oncology).
